functions and Limits 


function isa rule that assigns to each element xin Xa unique element in. 
gamle: A=x (Als function of x) 


pdomain 4 Uf: 
~c-riffunction x? range 16 
Ina function f: X ad 'Y the set X Is called the domain of f. 


ht 


ina function f: X —> ¥ the set of corresponding elements y In ¥ Is called the range off. 
i Independent and dependent Variables: ss ‘ 
Iny=f (x), the variable x is calied independent variable aid y Is called dependent variable of f. 


5. Real valued Function: a : 5 a 


Itvariables used In function are real numbers then function ts cated real valued fonction. 


5. Algebraic Functions: 


Functions which are defined by algebraic expressions. . , 
: 
‘afunctin ofthe form Pls) age" ¢ een athe where 2 dey o_o are realumbersand 
exponent are non-negative integers is called polynomial function. 
‘sqd 2011, Fed 2009, Sahl 2016, Gu 2016, Bhw! 2018 7. 
itéegree of polyrontial function isone then Ils called near function, , 
Eample: fix) = 3x44 . ° 


*Sargodha 2011, Rwp 2006 
For any set X, a function 1: XX of the form | (x) = xls called Wentiy function 
Example : fla) =x 
ae 
Afunction C:X —> Ydefined be (xpeals called constant function. 
Example :¢ (2)®2 : 
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Px) i jal functions and Q(x) # Ols 
A function of the form a where-P {x) and Q (x) are ee on aalled Py 


function: * 


112. Exponential Function: Sargodha 2018 . 


‘A Function in which the variable appears as exponent Is called exponential function. 
Example:y=e",y=2" *. : 


13. Logarithmic Function: Federal 2016 


x= a" then y = logyx (230, a # 1) is called logarithmic function. Ifa = 10 then y = logsa. Is called comma by 
tfa=e theny=log,x=Inxis called natural log. 


114. Explicit Function: Sargodha 2008, Rwp 2008, Mul 2018 


My Is easily expressed In term of independent variable x then y is called explicit function. 
Example; y=x"+2x-1 


115. Implicit Function: Ei 


. Sargodha 2008, Rwp 2013, Guj 2018 
fy is not easily expressed in term of independent variable'x then y Is called implicit function. 
Example: x"+ xy +y'=—1 : 


: Sargodha 2015, Mtn 2017, Fsd 2017 


‘A function is called an even function iff (-z) = f(x) 
17, odd Function: : 


; Sargodha 2024, 15, nttn 2017, Fed 2017 
A function called an odd function iff (-2) ==f{x)* 


18. Continuous Function: 


_ Sargodha.2015, 16, Bahawal; ir 2016, Mc 
‘A function fis continuous at cif satisfy three conditions " wars 
Lf (c) Isdefined 


i, jim I(x) exists * 
_ Mk lim f(2) = f¢e) 
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16. 


u. 


tanh SS 
Y +e" 


Even Flinction f(-2) =f{x) Sg 2015 
Odd Function f(-x)=~f{x) $gd2014,15 
Perimeter of Square = 4x 

Area of Square =x" 

Area of Circle= 7 7 


* Chreumference of Circle = 27 


Volume of cube =V=x? « 
fog (x) =f (a(x)) 


fim? 2 ena 


we x-a 


es 


Jim (roxy%ne’, 


tig? top, a=lna 


‘ATunction f ls continuous at cif satisfy three conditions Sgd 2015 


~ L.f(c) ls defined 


i. tim, Sf (x) exists 
i. tim f(@) =f) 
Discontinuous if one or more above three Conditions are not satisfied. 
Umit exist If LH, Limit = R.H, Umit 
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DIFFERENTIATION. - 


‘ 


: fe vrazeRatet chance a . {Sargodha 2011, Fsd 2020) 


7 I valued f a - 
Let bea real valued function then (dtference quotient) o D=L09 cated average rate of change. 
; -¥ 


- (Sargodha 2009,2017 Fsd 2011, Guj 2013,2017) 
Instantaneous rate of change of one variable with respect to other variable is called derivative or i iimit'of 


in L(+ 5)- SO) sp ent is called derivative denoted wy 2%, 
ae 


: 2 
fe) 10) +2 (0)+ 5 JO) + ainds called mactauin series. 


<a 


saat 
ffeeh) = ffx) + Af"(x) + = S” (2) +... is called taylor Series 


‘ " (Fsd 2010, Sed 2014,16) 


Increasing: 
{Is increasing on the interval (a,b) If fx) > f{xs) where x2 x for, x €(2,0) : 


: : (Sargodha 2010,16) 


ls decreasing on the interval (a,b) f(x) « fis) where x3> #1 for, 612.0) 
y {Guj 2010, Sed 2015, AIK 2016, Mul 2017, Fsd 2017) 
«Any point where {is neither increasing nor decreasing, ; <4 


if (Rwp 2016, Lhe 2017) 
MWe Domain of fand_f"(c) = or f”{c) does not exist then cis called critical value or eritical point. 
4 Relative Maxima: + (Fsd 2018) 
thas relative maxima at elf f*(é) <0 
thas relative minima at cit f* (c)>0 : a 
{Bahwipur 2036, thr 2017) 


LL. Point of Inflection: 


Te function fis increasing before x= 
22 


and also afterx = 0 such point is called point of inflection. 
(thr 2018) 


_.Is called power series expansion of a function f{x) where 


Power series: 
Meds ay¢ aye aye? + aye’ + age! + ant aat” + 
*-41,2:are constant and x s variable 
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22. 


6 


17. 


<(6)=0 18. 
Lope” 29, 
Steet =e. 20. 
dey, re 
a”) mt 21. 
dv du 
Zon ged 
dd 22. 
23. 
24. 
2s. 
d Hf 4 
git eating - 26. 
4 sins)=Cos 
zlsina)=Cosx 27. 
4a : 
z 'osx)=~Sinx 28. 
4 tar eSec 
gran: rf 29, 
Lec 2 
= ot 3)=—Conee x 30. 
d ‘ 
a (Sees) =SecxTanx 2. 
2 : 
 Coseex)=—CosecxCorx 32. 
33, 


4 (Cosee"'z) =I 
oo ea 


id 
Sink) =Cos he 


a 
sag (CO8h) Sink 


* od 
yan) =Sechix 


4 tante'e)=—! 
og Tan y= 


d P 
zit hx)=—Cosech?x 


7 ; 7 
ee Seek) =SecheTank 


once Cone Cate 


z A isint')= 
: Tee 


1 
2 (Cost de 


aorone 


Lise’ = 
"NF 


S(coxech eel 
w+ 
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INTEGRATION 


= Definitions 5 


Al 


intetration or Antiderivative: 2016 
inverse process of differentiation is eed Integrin = 
fof") de. f'te) eed 
lus: 
i é 
fis continuous on [a, b] and g'{x) = f(x) then f f(x) de = @ (b) -@ (0) a2 
: . a 
ations: geome 
An equation containing at least one derivation of a dependent variable w.rt.an independent variable. 8. 
pL e220 : 
a& 
Order of a differential equation: The order of a serena equation isthe order ofthe highest derivative Inthe 
equation. 
q s: ‘ 


* The arbitrary constants involving I thé Solution of differential equation can be determined by the ven 
Condition. Such conditions are called initia value conditions. 


Important Formulas sew rmeeonnee: 


srivative Integration 

dao "a fodere, 
diye gins a fritter’ 
Sumene-2 Sg forecetrree 
Stway=2 . 4 [Fdreininite 
Ele no +5. forsee tore 
eneat 6 fetdr=etee 
Esra) «cose 7. °  SSinedx=—Cosx 
Ecos »-sine 8B fcosedr=sinx 


Sting sec 9, Seed = Tone 
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10. 
- 
11. wn (Secx) = Secx Tanx 


2 (cow) = uae 


12. E{cosecr)=Coseci Cox.” 


== 


(Tan=4x) = text 


"dK 


onde 


15. Seeyee"n- 


14. EZ sinin 2) = Coste) 


uA [Cosectxae = —Coix 


Ssecx Tanx ax =Secx 


‘Seosecx Cotx dx = —Cosecx i 


f_i 
fA awe tan-h 
la 


{ a =in(xrVat tx) te" 


va ax? 


Jiro aya LOE 


- JL OX msc) 


I) 
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f ,troduction to Analytic 


geometry _ 


Definitions: 


ordinate system: 


the plane two mutually perpendicular lines intersect-at origin These 
a eae axes and system Is called co-ordinate system. ee ee eee 


jation’ 


jinate system be given and O'(h, k) is any Point in 
plane. Through O' dra 
Mralel to Oxand Oy. New axes O'xand Oy are called traationof Oxand Oy. sree tes 


Fo or Gradient: 
9 Eee reasreof SEE neSS (ratio of rise trun termed as slope or gratient denoted by m = =Tana 


eevasriaterals having two parallel and two non-paralel sides. 
Homogeneous Equation: 
Equation f(x,y) =0 Is called homogeneous equation’ 


Sat Important Formulas snayzsees 


1 visance = d= Y(x,—2,)" +(¥s 4)" (point A (xu¥i) to point B (xa) (548 2010) 
lax, +by, +e 
Va+ 


a ez 
Fs kx, ky, +h; 

1. ati (divide Internally) = (Shs Anti) 

ktk, | Byth. } 


Q nce ene (=, -b) j 


+ pitance = (from one point to line)= 


q mints (S, 22) 
2 2 


q tas (2b ten shea) 
atb+c atb+c 

-h 

* easonotansion * = e | 

=y-k 

"tes pce 

maf Rotation Cos —2Sind 


4 
‘Slope = m= Tana 
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‘cl EMATI Bap Gt ; 274 
10. arm 2177 eo pots are given) © 

: HR 

11. inn Fine (ax+by+c= 0)isgiven : e = 
alo [a ah =O 

abo [an r6=0 


12. Two lines are-parallel if 
13. Two lines are perpendicula 


14. Collinéar’; slope.of AB= slope of AC. 
15. ‘Slope intercept form y= mx+c° 


_16. ' Two intercept form. a 
17. Equation of Line o- eile m(x— x) 
18. Symmetric form ats ste, 


‘osa = Sina 
19. Normal form xCosa + ySina = p 
ian 5 oe ee 
20. Area of Triangle a5 yy, Y 
J ‘ a ogi Xs Ys 1 
21, Tang = 2— 71 ; 
14mm, 
—2h ‘a 
22, m+m, a i tary 
2 
23. Tanga 2X ab 
-atb 


24, + —ab =O then lines are coincident ° 
25. a+b=0 then 6=90° : 
26. Joint equation ax? +2hxy +by? =0 
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Linear 


a Inequalities ae fo 


programming 


rinear Inequalities: 


jities are expressed by following symbols “>, 


b 2 with one or two variables are called linear 
pagoalties- 


(Rwp 2017, Shw! 2017, Fsd 2018) 


Linear programming deals with the optimization (maximization or minimization) of the furiction 


goundary of half plane 


or+ by<cls called half plane region and line ox+ by = cis called. Boundas 
Left, Right, Upper, Lower Half Plane: . 


ry of half plane. 


\etal ine divides the plane into left or right and non-vertical line divides into lower and upper haf plane. 


{Rwp 2016; Bahl 2016, Fsd 2017, Shw! 2018, Dek 2018) - 


Apoint of a solution region where two of its boundary lines intersect is called vertex. 


Non-Negative Constraints: 


The variable used In the system of linear inequalities relating to the problem of every day life are non- 
‘etive and are called non-negative constraints. 


(srgdha 2012 


The non-negative constraints play an Important role for taking decision: So these variables are also 
led Decision Variables, 7 : 


; : ? 
Solution region: : (Sargodha 2015) 


We draw graph of each inequality in the system of the same codrdinates axes and then take 
Pressection of the’graph. The common region so obtained is called the solution region. 


. 16) 
Feasible Region: [Pad (sed 2010, 2015,2017, Fsd 2015, Mul 2016, DGK 2016, AIK 2016) 


Aregion which is restricted to the first quadrant is called feasible region. 


ny 116, Lhr 2018, Mul 2018) 
Feasible Solution: [a (Sed 2014, Fd 2015, Shw 2016, AK 29 


"ch point of feasible region is called feasible solution. 
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11. Optimal Solution: im ve (Fsd 2015, Lhr 2018) 
The feasible solution which maximize or minimize the objective function is ‘called the optimal Solution, 
12. Objective Function: in (Fsd 2016, Sed: 2016,2018, Guj 2016, Mul 215 
A function which is to be maximized or-minimized is ‘called an n objective function. 
13.0 Problem Constraints: Sg (Fsd 2015) ° 
"The system of linear Inequalities involved i in the problem concerned are called problem constraints, 
14. Convex: " (Rwp 2035, Lnr 2016, Dgk 2018, Bhwi 2018) 


-If the line segment obtained by joining any two points of a region lies entirely within _ erenion then 
the region is called convex. : : 


Scanned with CamSeanner 


‘Two parts of cone are called nappes. 
2. Vertex or Apex 


Meeting point of two parts of cone Is called vertex or apex. : 

B. Circle: | sa 

cone’ cut by aplane perpendicular to the axis of cone, then resulting section’ cree ty 

We can also define circle as: af SH : 
A locus ofa point which remains at a fixed distance from a certain point. The point i called cag 
circle and fixed distance is called radius of the circle. . 

é (stay 
Mf the intersecting plane is parallel to a generator of the cone but cuts one nape only ‘scaled Parc 


Ifthe cone Is cut by a plane and the cuttin; 
resulting sections an ellipse, 
6. Hyperbola 


If the cone is cut by a plane and the cutting plane'ls parallei to the avis 
nappes, then curve of intersection is Hyperbola. 


ig Plane Is slightly tilted and cuts only one ape of cone 


(Sargodha 2011, shw ang 
of cone and intersect both 


: (Sargodha 200) 
the intersection is a single point or point circle or fr=0 
(Sargodha 2010) 


Ifthe plane passes through vertex of cone, 
ci Parametric equations: 


x=rCos0 y= rSin® are parametric equations of circle. 


2 


A line that touch the curve without cutting through it. 


Aline perpendicular to Tangent Is called normal. 
11. Tangential distance: 


Length of tangents called tangential distance and its formula iss + vis 29x, #2hy,4¢ 
[2 Chordof contact : 


The line joining points of contact of chord.” 


a : eri 
Pag] ~ © (*¥E constant) is called conic section if e <1 then Ellipse, if e= 1 then parabol2, 
hyperbola, 
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‘js called eccentricity, : 
umber : 


called equation of parabola, F(a, 0) Is focus, 
rix, The point where axis meet the-paral 
cular to directrix is called axis of pa 


Aline at equdl distance from vertex opposite to 
ibola is called vertex (0, 0). The line through focus 


we eo rabola and focal chard Perpendicular to axis is called 


reli Ye 2,E. = 4; a> bpoints AA’ are called vertices and AA’ = 20 is called Major.axis, 8, B are 
and z = 2bis minor raxls, - 
men or Focal] 
ine segmenit AA’ = 2a Is called Transverse or Focal of Hyperbola and 86" (line segment) iscalled 
ea: 


ca and hyperbola are called central conics, 
siine focal chord of parabola 


” (sed 2015) 
TH Joining two distinct point on parabola and passing’ bial Focus is called focal Chord, 
Degenerate Conic: 


Under certain condition equatic ox? + 2hxy + by? + fate 2fy + c= Onot repiesent as conic. In such case 
thisis called degenerate conic. 


mamma nes noel Important Formulae ~assercermmaieternmwreane ater 

Equation of circle In standard form (x- hj? + (y- k= 2 (Centre (h, k);radius-r) _ (Sargodha 2011) 

1 Mfcentre ts at origin then equation of circle x2 + y2= 2 (Sargodha 2008), 
General equation of circle x2 + y2 + 2gx + 2fy + c= Owhere centre = (-9,-f) and radius = /gt+f2—c 
For circle equation of tangent xx, + yy, +9 (x+2,) errors teeOat by) ‘ 
Forcircle equation of Normal at. 
bun) y—¥) by +9) = =a) O12) 

Equation’ of parabola y= dax and at fy) 169? = dar, whose vertexis at origin, 


Standard equation of elipse2 Bas ta>band Gatto>d seazn0e) 


ate 


Standard equation of Hyperbola2y-%=1 Lat (x49) 


a 
YSmx +7 Is tangent to y?= dax 


Yemxtsforme bt ‘Tangent of Ellipse 
¥=mx[otm? — 62 Tangent of hyperbola. 
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, sears seaess < Definitions: ve: a S 

S quantity which is defined only by its magnitude, For example mass, tine 
Poa physical quantity defined by its magnitude and direction aso, Fei example fre, ight, veloctty. 
z pinsie . = weight, velocity. 


geor Length or Norm ‘Absolute value of vector is called magnitude or length or N rh ‘sis 


a jor Whose magnitude is unit at 
ave vector tyora, Paty ‘i the 2009,2018 


+ o> 
iss 0 vectors AB and CD are equal they have same magnitude and rection aa = 121 


egg ied Two vectors are parallel f and only if they are non-zero scalar multiple of each other Xb 


2a nee 30 ae) 
IAB , BC and AC are three sides of triangle then AB +BC = ACs called triangular taw. 
‘The vector of whose initial point Is the origin © terminal pointisP. {Sed 2014; Afk 2009) 


TTI if magnitude of a vector is zero then Its called zero vector. 
fertion angles and Direction Cosines: Mtge BaZa zk be non-zero vector and a, Bi, 7 are angle formed 


eween rand | Krespectively then a, B, y are Direction angles and cosa, cosB, cosy are Direction Cosines. 
(Mirpure 2009, Une 2028, Mul 2018) 


If yand y are non-zero vectors in a plane with same initial line then their dot product is 


£42 [u} |e] cos : (Uhr 2008) 
(EET 1 v & vare non zero vectors then - 

wry (lu [yl Sind) & ‘ : (Sargodha 2008) 
EEE ta constant force F applied to @ body act at an angle 8 to the direction of motion thén work done 
tetas work done =f.d : (Shue 2017) 


ortant Formulae smmwedumren sor 


Imp 

= > 
waorsHbory 2. Sealar=ABor Vor [AB] 

. y 
Vapi = [a3] 4. UnitVector= P = 7yy 
. +4 > 
Waretar Law of addition AB+ BC = AC - 2 

~ 
ted vectas ad = 231 7. Position Vector= OP 
\isfomia p= 92+ PB 9. Direction angles, By 
p+q 
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si a Pa ee x . * 
10. Direction Cosines cos a = - cosp= 2 ,Cosy= rs 


11. Triples can be direction angle if Costa. + Cos?p +Cos¢y=1 
12. Scalar product or Dot Product of u and y uy= [ul ly] Cosé 
13. Perpendicular if u.v=0 ° 


14, Parallelifu=Av. or uxv= 
15... Vector product or Cross Product = u x y= wl lvl aes 
fangs ede k u=u,/ +u, j+iyk 
16. uxy=|41 42 43) where — ieee, for “ 
¥44 v2 v3) vev, itv, j+V,k 
aes, > 

17... Area of parallel gram ABCD = ab x AC | 

: i | : 
18. Area of Triangle ABC => laa x ae| 
19, . Volume of parallelepiped =u. vx w 
20. 4 ¥, ware coplanar ifu.vx w=0 
21. Volume of Tetrahedron -2u “ux w) é 7 
22, Workdone=F.D - °  - 23.- Moment of Force=rxF 

4, U2 U3 

24.0 u.vxw=|]% v2 v3 25.0 Usyxw=vewxu =w.uxy 
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